Spinal cord injuries are relatively common, but strategies to repair damaged sites remain elusive. To develop more effective treatments we need to understand the molecular mechanisms that produce functional spinal circuits. In addition, to fully understand the genetic basis of CNS functions and disorders we need to be able to connect individual genes with specific circuit properties and behaviors. This is a difficult task unless we understand how specific genes regulate the development of neuronal circuitry and hence enable particular behavioral repertoires. A particularly tractable model system for this research is zebrafish spinal circuitry.
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Specification of distinct neurons with particular functional properties is a crucial step in circuit formation. Interneurons constitute most of the neurons in the CNS and function in almost all neuronal circuits. However, there are significant gaps in our knowledge of how spinal interneurons with specific functions develop. All of the evidence so far, suggests that interneuron properties are determined by transcription factors (TFs) that these cells express as they start to differentiate. However, in many cases, it is still unclear which TFs specify particular properties.
To address these critical gaps in knowledge we have expressionprofiled different zebrafish spinal interneurons and identified TFs that are strong candidates for specifying particular interneuron properties. We are currently concentrating on TFs that specify neurotransmitter properties. For example, we have shown that Pax2 and Pax8 are required for inhibitory fates of many spinal neurons and Evx1, Evx2 and Lmx1b are required for excitatory fates of V0v neurons. We have also identified several transcription factors that may be part of a common genetic pathway for specifying excitatory fates of spinal neurons, acting downstream of Evx1/2 in V0v neurons and downstream of other cell-type specific TFs in different excitatory neurons. The enteric neural crest cells (ENCCs) are derived from migratory vagal neural crest cells (NCCs). Sox10 is a transcription factor essential for maintaining the multipotency of ENCCs. Sox10 mutant ENCCs fail to colonize the entire gut due to premature differentiation and migration defects. We have generated a Sox10NGFP mouse mutant in which EGFP is fused to the N-terminal domain of Sox10. Sox10NGFP/+ mutant ENCCs formed cellular aggregates on different extracellular matrices in ex vivo gut explant culture. We hypothesized that cell adhesion properties were affected in Sox10 mutant neural crest cells. To gain insight into the regulation of cell adhesion and molecular pathways underlying in ENCCs, we performed transcriptome and gene expression analyses to study the cellular phenotypes. Gene expression profiles of E9.5 pre-ENCCs and E12.5 ENCCs from Wnt1-Cre:Z/EG, Sox10NGFP mutant embryos were generated by sorting out GFP+ cells and performing RNA sequencing. Bioinformatics analysis indicated that among the differentially expressed genes, the expression of biological adhesion and locomotion genes were significantly affected during ENCC development. Selected differentially expressed genes were further analysed by qRT-PCR and immunostaining on gut explant culture. We found that the expression of cadherins, vinculin and FAK were affected in Sox10 mutant ENCCs. To further investigate the cellular phenotype of the mutant ENCCs, we assessed the real-time actin filament dynamics and intensity using the Wnt1-Cre:Z/EG:Lifeact-mRFP and Sox10NGFP: Lifeact-mRFP mice, which had the ENCCs labelled by EGFP and F-actin by RFP in live cell imaging experiments. Our results suggest that Sox10 mutation alters the expression of cell adhesion molecules and ECM reporters, thereby may affect ENCCs cellular behavior and migration. doi:10.1016/j.mod.2017.04.325
PS4.19
Unravelling the roles of kinesin-1 during neuronal growth and maintenance Yuting Liew, Andreas Prokop
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Neurons electrically wire the nervous system through meter-long protrusions called axons, which can last for decades in humans. For this, axons actively maintain parallel bundles of microtubules (MT) constituting their structural backbones and transport tracks. In cultured Drosophila neurons, the loss of MT motor proteins kinesin-1 reduces axon growth and induces MT bundle disorganisation, reminiscent of axon swellings observed in kinesin-1-linked spastic paraplegias. To dissect underlying pathomechanisms, we study contribution of three molecular subfunctions of kinesin-1 (vesicle/ organelle transport, mitochondrial dynamics and MT sliding), by analysing kinesin-1 mutations or interaction partners (KLC, Milton, Miro, Pav) specific to these subfunctions. Surprisingly, depletion of any of these leads to MT disorganisation. By extending studies to include relevant subcellular readouts (mitochondria, synapses, and ER), we aim to compare and contrast different phenotypes within one standardised neuron system. This systematic approach offers the oppportunity to unravel the specific contribution of kinesin-1 subfunctions towards MT bundle maintenance. The Hospital for Sick Children, Toronto, Canada
Iroquois (Irx) genes encode evolutionary conserved homeodomain transcription factors that are involved in multiple developing processes. Irx3 and Irx5 are linked in the IrxB cluster from fly to mammal. Both Irx3 and Irx5 are expressed in the developing central nervous system, limb bud and otocyst, but their functions in inner ear development are poorly studied. To understand the roles of Irx3 and Irx5, two allelic mouse mutants, Irx3LacZ/+ and Irx5EGFP/+ were used to examine the expression pattern of these two genes, respectively. Both Irx3 and Irx5 were expressed in the otic placode from E8.5. In E9.5-E10.5 otic vesicle, the Irx genes shared a broad expression domain in the non-sensory epithelium and periotic mesenchyme. From E12.5 to E16.5, Irx3 was expressed in both sensory and non-sensory domains in the cochlear epithelium, while Irx5 became gradually restricted to non-sensory regions, accompanying with the progression of hair cell differentiation. To further understand the functions of Irx3 and Irx5 during inner ear development, phenotype analyses have been done in the Irx3LacZ/LacZ, Irx5EGFP/EGFP and Irx3-/-Irx5EGFP/EGFP mutants. Paint-filling and H&E staining revealed the gross morphology of the inner ears, indicating that Irx3LacZ/LacZ and Irx5EGFP/EGFP inner ears were relatively normal. However, Irx3-/-Irx5EGFP/EGFP mutant showed shortened cochlear duct, enlarged cochlear lumen and lack of the non-sensory structure that segregate the vestibule and cochlea. Furthermore, spatial expansion of neurosensory competent domain and temporal elongation of neurosensory competence could be observed in Irx3/5-/-otic epithelium. In summary, our analysis of the expression patterns and phenotypes of the Irx3 and Irx5 genes suggest that they are required for inner ear patterning and neurosensory fate determination. The balance between quiescence and reactivation of Stem or Progenitor cells is critical for normal tissue homeostasis and tumorigenesis prevention. However, the molecular processes that govern the decision of quiescence and reactivation are still largely unknown. Drosophila larval neural stem cell (also known as neuroblast) has emerged as a powerful model to study quiescence and reactivation in vivo. So far, there are only three pathways reported to regulate Drosophila neuroblast reactivation intrinsically, which are (i) Insulin signaling (Chell & Brand, 2010; Sousa-nunes & Gould, 2011) , (ii) transcriptional factor Prospero (Lai & Doe, 2014), and (iii) Hippo signaling (Ping & Berger, 2016; Poon & Harvey, 2016) . Based on our genetic screen, we uncover that the highly conserved Culin4-RING E3 ubiquitin ligases (also known as CRL4 ligases) are novel and essential factors for neuroblast reactivation intrinsically because the loss-of-function of its core subunits, DDB1 (for DNA-damage-binding protein 1) and Cul4 (for Cullin4), in the neuroblasts, but not glial cells, results in reactivation defects. CRL4 ligases likely promote neuroblast reactivation by their conventional ligase activity because the ubiquitin-ligase-impaired form of CUL4, CUL4 KR , fails to rescue reactivation defects of cul4 mutant. We are in the progress to identify relevant substrate receptors and substrates of CRL4 ligases that regulate neuroblast reactivation. The findings may have important implications on the understanding of molecular processes regulating quiescence and reactivation. Moreover, the highly-conserved nature of CRL4 ligases suggests the findings from this study could be relevant to quiescence regulation in other organisms, including humans, and potentially relevant to stem cell homeostasis in general. The bowel is the only inner organ with an extensive independent nervous system. This enteric nervous system (ENS) regulates vital gastrointestinal functions by virtue of its diverse neural cell types, organised into full circuits. For this reason, the ENS is often denoted the "Brain in the Gut". Despite the critical role of distinct neuronal subtypes for proper gut function, the molecular mechanisms controlling diversification during ENS development are poorly understood. In this study we aimed to make a comprehensive account for the role of the transcription factor Ascl1 during ENS development. Using Ascl1 tracing mice we show that all neuronal subtypes appear to descend from Ascl1-expressing progenitors. In Ascl1 mutants, the neurogenesis is delayed but at perinatal stages, about half of the normal numbers of neurons are present. In these remaining neurons, three subtype markers are substantially reduced (e.g. Calbindin) while others are unaffected (e.g. 5-HT). To understand whether the reduced markers are merely delayed in their expression or mis-regulated, we analysed Ascl1KINgn2 mutants in which the expression of the proneural gene Ngn2 replaces that of Ascl1. In these, Ngn2 can fully recover the enteric neurogenesis but not the effects seen on subtype markers. These data indicate that Ascl1 is required for both generic and subtype specific traits in the developing ENS. Interestingly, the generation of early born 5-HT neurons in Ascl1 mutants, despite the delayed neurogenesis commencing after the normal birth peak for this subgroup, could indicate that initial ENS progenitors possess strong temporal control over their specification with little influence from extrinsic signals. Prenatal exposure to high doses of ionizing radiation (IR) during embryonic neurogenesis in humans and mice results in microcephaly. Previous work has shown that the overall changes in gene expression in the embryonic mouse brain shortly after radiation exposure were very similar to those observed in several other genetic mouse models of microcephaly, and more recently, to Zika virus-infected brains. Hence, early radiation-induced changes in gene expression in the embryonic brain may underlie the observed developmental defects. Most of these changes are mediated by the tumor suppressor TP53. Among these p53-dependent and possibly regulated genes, we have identified novel candidate TP53 targets, some of which are not yet fully characterized. These novel TP53 candidate target genes are extensively enriched during brain development, unlike canonical TP53 targets. Therefore, we have started to investigate the role of these novel candidate targets in brain development, with emphasis on corticogenesis on the one hand and the cellular responses to IR on the other hand.
One of these genes is D630023F18Rik. Different splice variants of this gene have been identified. In particular, several short variant mRNAs are induced by TP53 after IR both in cell culture and in vivo. The different variants are preferentially expressed in the brain and kidney and are
